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Abstract
Piper sarmentosum is a cultivated plant that also grows
wildly in the South East Asian region. It is well known for its
medicinal properties and a variety of active chemical con-
stituents. The control potential of the plant extract against
bacterial leaf blight caused by Xanthomonas oryzae and
sheath brown rot of rice caused by Pseudomonas fuscovaginae
was evaluated. The aqueous methanol extracts of fruits
and leaves of P. sarmentosum were chemically analyzed
using gas-chromatography mass-spectrometry (GC-MS).
The results gave the highest best matches of 28 compounds
(80.2% of total extracts) in the leaf extract and 24 com-
pounds (89.1% of total extracts) in the fruit extract. The fla-
vonoid fraction 4H-pyran-4-one,2,3-dihydro-3,5-dihydroxy-
6-methyl- (DDMP) was found to be the major component
which constitutes a complex natural product that has been
of recent medicinal interest. The extract of the fruit had
IC50 of 28.08 and 8.41 mg ml–1 against P. fuscovaginae and
X. oryzae, respectively, while the leaf extract had IC50 of
10.42 and 24.69 mg ml–1 against P. fuscovaginae and X. ory-
zae, respectively.
Key words: Antibacterial activity, gas chromatography
mass spectrometry (GC/MS), inhibition concentration (IC),
methanol extracts, rice pathogenic bacteria.
Introduction
Piper sarmentosum, locally known as Kadok in Malaysia, is a
tropical plant that is well known for its medicinal properties,
such as its anti-bacterial, anti-protozoal, antioxidant, anti-
malarial and hypoglycaemic effects (Zaidan et al. 2005). It
contains a variety of active chemical constituents, such as
alkaloids (amides), pyrones, flavonoids, sterols, phenylpro-
panoids and neolignans (Atiax et al. 2010, Diastutia & Delsy
2012) most of which have been found to be active against
bacteria (Masuda et al. 1991, Fernandez et al. 2012). Xan-
thomonas oryzae and Pseudomonas fuscovaginae are two of
the most important bacteria that have for decades caused
bacterial leaf blight and sheath brown rot of rice crops in
Asian countries (Mizukami & Wakimoto 1969, Razak et al.
2009, Alo et al. 2012). Several management procedures
have been evaluated by many researchers around the world
to reduce the incidence of these diseases. Copper, mercuric
compounds, antibiotics and some chemicals seem to have
limited efficacy in controlling these diseases as the patho-
gens have developed resistance towards these agents
(Mizukami & Wakimoto 1969, Adorada et al. 2013). Labo-
ratory tests have shown that streptomycin derivatives and
mercuric compounds were most effective, however further
tests showed these agents could damage rice grains when
sprayed at the heading stage in the field (Mizukami &
Wakimoto 1969). In addition, there is practically no effec-
tive bactericide commercially available for disease control
(Lee et al. 2003, Ou 1973). Therefore, the application of
natural products from P. sarmentosum could be an option
as this plant has been found in vitro to have antimicrobial
properties. Thus, the objective of this study was to investi-
gate the antibacterial properties of the methanol extracts of
P. sarmentosum leaf and fruit against X. oryzae and P. fusco-
vaginae.
Materials and methods
Extraction of P. sarmentosum
Fresh P. sarmentosum fruits and leaves were obtained from
the Herb Garden, Institute of Bioscience (IBS), Universiti
Putra Malaysia (UPM), Serdang, Selangor. The taxonomic
identification of plants was performed by Dr Shamsul
Khamis, a botanist at the IBS Herbarium and a voucher
specimen (SK2171/13) was deposited in the Phytomedicinal
Herbarium, Institute of Bioscience, UPM, Serdang, Selan-
gor. The taxonomic description is as described in a previous
study by Karthigeyan et al. (2004).
The leaves and fruits were washed and rinsed with dis-
tilled water to remove any dirt and then kept in an oven at
50°C for 3 days. They were then ground into a fine powder
by using a blender chopper (ZK100, Braun) with a fine mesh
sieve strainer (0.50 mm). The fine powder was kept in tight
bottles to avoid any contamination.
Eighty percent methanol in water was used as extraction
solvent. The fine powder of the P. sarmentosum fruits (300 g)
was placed in an Erlenmeyer flask (2 l) and soaked with 2 l
of aqueous methanol, 80% (v/v). The extracts were kept in
the dark overnight. The extracts were filtered through What-
man No. 1 filter paper and concentrated under vacuum at
40°C using a rotary evaporator (Zaidan et al. 2005, Singh et
al. 2010). A similar procedure was followed for the leaves.
The extraction efficiency was quantified by determining the
weight of each of the extracts and the percentage yield was
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calculated by the following formula (Mushore & Matuvhunye
2013):
(W2) – (W1)/(W0) × 100
W0: weight of initial dried sample
W1: weight of empty container
W2: weight of the extract and container
The fruits and leaves of P. sarmentosum yielded 7.5 and 7.1%
of their dry weight in methanol extract, respectively. The
concentrated extracts were designated as the stock solution
for both the fruit and leaf extracts of P. sarmentosum. A test
stock concentration of 400 mg ml–1 was prepared by dis-
solving 4 g of each extract in 10 ml of aqueous methanol,
80% (v/v) in separate test tubes. The stock solution was
then diluted serially to obtain different concentrations of
25, 50, 100 and 200 mg ml–1.
Chemical constituents of methanolic extract of P. sarmentosum
The chemical constituents of the plant extracts were ana-
lyzed by gas chromatography-mass spectrometry (GC-MS).
GC-MS analysis of the extracts was carried out using a Shi-
madzu GC-MS QP2010 plus equipped with a BPX5 fused
silica capillary column (length: 30 m; ID: 0.25 m; film thick-
ness: 0.25 μm). The mass spectrometer was set at 70eV ion-
ization energy. The temperature condition was programmed
from 70°C (15 min) to 270°C at 7°C min–1. The peak areas
and retention times were measured by electronic integra-
tion. The relative amount of individual components was
expressed as a percentage by area normalization. The com-
pounds present in the extracts were identified and inter-
preted by using computer searches of the National Institute
of Standards and Technology (NIST) 08 mass spectral data
library. The spectrums of the unknown compounds were
compared with those of the known compounds in the NIST
library. The name, molecular weight and structure of the
compounds of the plant extracts were ascertained.
Antibacterial activity of methanolic extracts against 
Pseudomonas fuscovaginae and Xanthomonas oryzae
The bacteria used for this study, Pseudomonas fuscovaginae
(Accession number JX915743.1) and Xanthomonas oryzae
(Accession number CP000967.1) are registered bacteria
isolates, which were obtained from the Microbiology Labo-
ratory, Department of Plant Protection, UPM, Selangor, Ma-
laysia. The cultures were maintained on King’s B medium
and nutrient agar (NA). A loopful of the test organism was
taken from their agar slants and sub-cultured into test tubes
containing Mueller Hinton Broth (MHB) (Fisher Scientific
Co.). The test tubes were incubated for 24 hrs at 30°C. The
obtained microorganisms in the broth were standardized
using a spectrophotometer (DR2800, Hach) and the optical
density (OD) was adjusted to 0.1 at 660 nm wavelength
(OD of 0.1 corresponds to a concentration of 108 CFU ml–1
of medium) (Taweechaisupapong et al. 2010). These sus-
pensions were used as inoculum throughout the study.
The antibacterial activities of the methanol extracts of the
fruits and leaves were determined by the agar well diffusion
method (Patel et al. 2012). Mueller Hinton Agar (MHA)
(Fisher Scientific Co.) was poured into 9 cm diameter petri
dishes (Thermo Scientific) up to 20 mm thick and left to
solidify. The inocula (50 μl) were pipetted onto the media
and spread using an L-shaped glass rod. A standard sterile
cork borer of 0.4 mm in diameter was used to cut one well
in each inoculated plate and the agar was removed from the
well using wire inoculating needle. Each well was filled with
50 μl of different concentrations: 25, 50, 100 and 200 mg
ml–1. Two other wells were filled with 50 μl of streptomycin
sulfate (30 μg ml–1), which served as a positive control
and 50 μl of aqueous methanol, 80% (v/v) served as a
negative control. All plates were inverted and incubated for
24 hrs at 30°C and observed for zones of inhibition of
growth. Microbial growth was measured with a transparent
ruler and the result recorded in millimetres (mm). The
screening was done in triplicates for each concentration.
Statistical analysis
The results were subjected to statistical software JMP (9.0)
for analysis. The results were expressed as MEAN ± STD
(standard deviation) by one-way analysis of variance
(ANOVA) using Tukey’s honest significant difference test
(HSD). Differences were considered significant at p < 0.05
(Basri et al. 2011, Mushore & Matuvhunye 2013). To com-
pare the antimicrobial activity, streptomycin sulfate at the
concentrations of 0.01, 0.05, 0.1 and 0.5 mg ml–1 was used
as standard. For each P. sarmentosum extract, four concen-
trations were used to obtain concentration-mortality data.
The inhibition concentrations at IC50 and IC90 levels were
determined by subjecting the means of inhibition zone
diameter data to log-probit analysis using Polo Plus V2
(Finney, 1972). Three replicates were performed for each
concentration. From the regression line between the loga-
rithmic dose and probit inhibition, all the parameters in-
cluding IC50 and IC90 and their 95% confidence interval
were obtained.
Results
Chemical constituents of methanol extracts of P. sarmentosum
Altogether twenty-eight components were identified in the
P. sarmentosum leaf extract (Table 1) representing 80.2% of
the total extracts. The most abundant component, which
constituted 21.8% of the extract, was 4H-pyran-4-one,2,3-
dihydro-3,5-dihydroxy-6-methyl, followed by octanamide,
N,N-dimethyl (21.2%) and 3-(4-methoxyphenyl) propionic
acid (18.6%). Furthermore, 3-methyl-hepta-1,6-dien-3-ol and
2,3,4,7 tetrahydro-1H-indene were present in P. sarmentosum
leaf extract at concentrations of 2.9% and 2.4%, respectively.
Additionally, 2-furancarboxaldehyde,5-(hydroxymethyl) was
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found to be a minor component (1.0%) in this species. In the
fruit extract of P. sarmentosum, twenty-two components were
identified (Table 2) with 4H-pyran-4-one,2,3-dihydro-3,5-
dihydroxy-6-methyl (31.8%) and 2-furancarboxyaldehyde,5-
(hydromethyl) (30.0%) as the major constituents out of
89.1% total identified chemical constituents. Phenol-2, 6-di-
methoxy-4-(2-propenyl) was one of most abundant compo-
nents found in the fruit extract. Asarone (2.8%), 2-Furan-
methanol (2.5%), and Lilac aldehyde (2.2%) were among the
major constituents identified. Asarone was found in both leaf
(0.5%) and fruit extracts (2.8%) as a minor compound.
Antibacterial activity of methanol extracts against 
P. fuscovaginae and X. oryzae
The antibacterial activities of the plant extracts against the
two pathogenic bacteria P. fuscovaginae and X. oryzae were
assessed based on the presence or absence of inhibition
zones (Fig. 1, Table 3) and the corresponding IC50 and IC90
values (Table 4).
Both extracts exhibited antibacterial activity towards all
the tested bacterial isolates, with the diameter of the zone
of inhibition ranging from 9.0 to 19.3 mm as indicated in
Table 3. Streptomycin sulfate which served as a positive
control showed inhibition towards all the tested bacterial
isolates with the range of 15.7 to 21.0 mm. No inhibition
was observed for all the tested bacteria isolates when tested
with aqueous methanol, 80% (v/v) (negative control). The
leaf extract of P. sarmentosum showed larger diameters of
the inhibition zones against P. fuscovaginae compared to
X. oryzae. In contrast, the fruit extract of P. sarmentosum
showed the opposite. There was no significant difference
between fruit extract of P. sarmentosum at 100 and 200 mg
ml–1 and streptomycin sulfate against P. fuscovaginae and
X. oryzae. The activity of the leaf extract also showed no sig-
nificant difference to that of the streptomycin control at
200 mg ml–1 against both bacterial pathogens.
Table 4 summarizes the IC50 and IC90 values. Fruit extract
exhibited IC50 values of 28.08 mg ml–1 and 8.4 mg ml–1 and
IC90 values of 353.77 mg ml–1 and 176.8 mg ml–1 against
P. fuscovaginae and X. oryzae, respectively. Leaf extract
showed 50% growth inhibition of 10.42 mg ml–1 and 24.68
mg ml–1 and 90% growth inhibition of 124.9 mg ml–1 and
122.45 mg ml–1 against P. fuscovaginae and X. oryzae,
respectively. The antibacterial activity of streptomycin was
Table 1: Composition of chemical constituents in the methanol extract of fresh leaves of P. sarmentosum
Component Formula Mol. weight Retention time % in total extract
2-Furanmethanol C5H6O2 98 3.031 0.86
2-Pentoic acid C5H8O2 100 3.347 0.56
2-Cyclopentene-1,4-dione C5H4O2 96 3.547 1.01
2-Hydroxypropanoic acid C3H6O3 90 3.613 0.52
1,2-Ethanediol C4H8O3 104 3.758 0.49
trans-2-pentenoic C5H8O2 100 3.858 0.37
2-Hexanol C6H14O 102 3.902 0.36
2(5H)-Furanone C4H4O2 84 4.250 0.57
Butyrolactone C4H6O2 86 4.266 0.43
6-Oxa-bicyclo C5H6O2 98 4.455 0.37
2-Furancarboxaldehyde C6H6O2 110 5.331 0.43
2,4-Dihydroxy-2,5-dimethyl-3(2H)-furan-3-one C6H8O4 144 5.807 0.72
2,5-Dimethyl-4-hydroxy-3(2H)-furanone C6H8O3 128 10.731 0.53
Benzene C8H7N 117 15.675 0.40
4H-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-6-methyl C6H8O4 144 16.617 21.83
4H-Pyran-4-one,3,5-dihydroxy-2-methyl C6H6O4 142 19.287 0.55
Benzofuran, 2,3-dihydro C8H8O 120 20.138 0.64
2,3,4,7-Tetrahydro-1H-indene C9H12 120 21.841 2.35
2-Furancarboxaldehyde,5-(hydroxymethyl) C6H6O3 126 21.875 0.98
3-Methyl-hepta-1,6-dien-3-ol C8H14O 126 23.335 2.96
Benzepropanoic acid C9H10O2 150 29.629 0.54
Octanamide, N,N-dimethyl C10H21NO 171 32.949 21.20
1,7-Octadien-3-ol,2,6-dimethyl C10H18O 154 35.421 0.65
Asarone C12H16O3 208 41.171 0.49
3-(4-Methoxyphenyl)propionic acid C10H12O3 180 43.866 18.57
Benzaldehyde,2,4,5-trimethoxy C10H12O4 196 56.431 0.86
Benzaldehyde C20H22O7 374 57.547 0.50
Caryophyllene oxide C15H24O 220 59.550 0.47
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Table 2: Composition of chemical constituents in the methanol extract of fresh fruits of P. sarmentosum
Component Formula Mol. weight Retention time % in total extract
Furfural C5H4O2 96 2.767 0.96
1,2-Ethanediol C4H8O3 104 2.782 0.84
2-Furanmethanol C5H6O2 98 3.123 2.50
2-Furanmethanol,5-methyl C6H8O2 112 5.075 0.56
2-Furancarboxaldehyde,5-methyl C6H6O2 110 5.349 0.40
2,4-Dihydroxy-2,5-dimethyl C6H8O4 144 5.912 1.47
2H-Pyran-2,6(3H)-ione C5H4O3 112 6.686 0.24
Benzene acetaldehyde C8H8O 120 9.009 0.21
Pentanoic acid C5H8O3 116 9.127 0.35
2,5-Dimethyl-4-hydroxy-3 C6H8O3 128 11.407 0.59
4H-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-6-methyl C6H8O4 144 17.252 31.82
4H-Pyran-4-one,2,3-dihydro-3,5-dihydroxy-2-methyl C6H6O4 142 19.843 1.27
2(3H)-Furanone C4H6O3 102 21.750 0.44
2-Furancarboxyaldehyde,5-(hydroymethyl) C6H6O3 126 24.591 30.06
1,2,3-propanetriol C5H10O4 134 25.685 0.63
Lilac aldehyde C10H16O2 168 29.519 2.16
2-Propanamine C7H15N 113 31.239 1.96
Benzene propanoic acid C9H10O2 150 33.543 0.35
Benzene C11H14O2 178 35.347 0.27
Octanamide,N,N-dimethyl C10H21NO 171 41.110 0.83
1,7-Octadien-3-ol,2,6-dimethyl C10H18O 154 41.506 0.25
Phenol,2,6-dimethoxy-4-(2-propenyl) C11H14O3 194 43.776 6.31
Asarone C12H16O3 208 53.134 2.75
2-Butenoic acid,3-methyl,2-phenylethyl ester C13H16O2 204 65.260 1.84
Fig. 1: Inhibition zones on Mueller Hinton agar plates
caused by methanol extract of fruits of Piper sarmentosum
against Pseudomonas fuscovaginae.
Table 3: Antibacterial activity of methanol extracts from leaves
and fruits of P. sarmentosum against two rice pathogenic
bacteria determined by agar well diffusion method
Extract Concentration 
(mg ml–1)
Microorganism/Inhibition zone 
(mm)(Mean ± SD)
P. fuscovaginae X. oryzae
Leaf Positive control 18.0a 17.7a
Negative control 0c 0d
25 12.7b 9.0c
50 15.7ab 13.7b
100 17.0a 15.3b
200 19.3a 18.3a
Fruit Positive control 15.7ab 21.0a
Negative control 0d 0d
25 9.3c 14.3c
50 10.7bc 16.3bc
100 12.0bc 17.3abc
200 18.3a 19.3ab
Positive control: Streptomycin sulfate (30 μg ml–1); Negative 
control: Methanol 80% (v/v). Within columns, values with 
different letters differ significantly (Tukey Kramer HSD, p = 0.05). 
All the tests were performed in triplicate.
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clearly higher (50% growth inhibition at 0.072 mg ml–1 and
90% growth inhibition at 1.049 mg ml–1 against P. fuscova-
ginae and X. oryzae, respectively). The chi-square test values
revealed that none of the tested bacteria has significant
heterogeneity in the test population.
Discussion
In agar well diffusion tests, methanol extracts of leaves and
fruits of P. sarmentosum were effective against both P. fusco-
vaginae and X. oryzae. The effect was negligible at low con-
centration, 25 mg ml–1. Bactericides often act bacteriostati-
cally at low concentrations, and are only bactericidal at
higher concentrations. For bactericides to be effective, they
must attain a sufficiently high concentration at the target
site in order to exert their antibacterial action (Cloete 2003).
At the higher concentrations, the extracts inhibited the growth
of both tested bacteria with a good potency. In our study, the
IC50 and IC90 values for the plant extracts were clearly higher
than those of streptomycin, which is not surprising. Higher
activities could also be expected if isolated compounds with
antibacterial activity from the extracts had been employed
in the assay. Generally, antimicrobial substances target a
range of cellular loci, from the cytoplasmic membrane to
respiratory functions, enzymes and the genetic material.
However, different bacteria react differently to bactericides,
either due to inherent differences such as unique cell enve-
lope composition and non-susceptible proteins, or to the de-
velopment of resistance, either by adaptation or by genetic
exchange (Cloete 2003). This could also be related to the
beneficial effects of phytochemicals through the additive or
synergistic action of several bioactive compounds (which
acts) at single or multiple target sites (Tyler 1999).
Previous research on P. sarmentosum extracts, which was
conducted on clinical isolates, showed positive antibacterial
activity against Escherichia coli, Bacillus subtilis, methicillin
resistant Staphylococcus aureus (MRSA) and Pseudomonas
aeruginosa (Masuda et al. 1991, Zaidan et al. 2005, Fer-
nandez et al. 2012).
The antibacterial activities observed in extracts of the
leaves and fruits of P. sarmentosum may be attributed to the
presence of secondary metabolites as reported by different
researchers (Kumar & Maneemegalai 2008, Teoh et al. 2011,
Abirami & Rajendran 2012). In our study, 4-H-pyran-4-one,
2, 3-dihydro-3, 5-dihydroxy-6-methyl (31.8%) was the most
abundant compound in the leaf (21.8%) and fruit extract
(31.8%) from P. sarmentosum. This flavonoid fraction is
known to have antimicrobial and anti-inflammatory pro-
perties (Rengasamy et al. 2012, Jananie et al. 2011). 2-fur-
ancarboxaldehyde, 5-(hydroxymethyl) in the leaf (1.0%)
and fruit (30.1%) extracts was also found in the Mussaenda
frondosa, a plant which has been reported to possess a
number of medicinal properties (Vadivel & Gopalakrishnan
2011). The minor component found in the leaf (0.5%)
and fruit (2.8%) extracts of P. sarmentosum, asarone, was
demonstrated to have antibacterial activity in A. calamus
rhizomes (McGaw et al. 2002) and exhibited promising
growth inhibitory activity against Candida albicans (Rajput
& Karuppayil 2013).
In fact, this study is the first report describing in vitro
activity of extracts from P. sarmentosum against phytopatho-
genic bacteria. The extracts showed excellent biological ef-
fects against the rice pathogens P. fuscovaginae and X. ory-
zae, indicating a potential for the development as bacteri-
cides. Field experiment are needed to evaluate if the ex-
tracts from P. sarmentosum can control bacterial leaf blight
and sheath brown rot of rice and possibly bacterial diseases
of other crops under practical farming conditions.
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